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future unless challenges in rice production are properly addressed [1-3]. This 
paper proposed an [oT (Internet of things)-based paddy productivity 
Keywords: monitoring and advisory system Using Dash7 Wireless Network Protocol. 
All collected data will be stored in a database management system to enable 
e-PADI j 
users to retrieve data either from tablets, smartphones or computers. The 
Internet of things heart of the system is the ATmega328p microcontroller that will control the 
Microcontroller payload of the wireless network of dash7 and read data from sensor nodes. 
Wireless sensor networks Results show all data from sensor nodes in representation of graph for 
analysis purpose. 
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1, INTRODUCTION 

The e-PADI is an IoT-based paddy field monitoring and advisory system. It aims to increase 
farmers’ paddy productivity by means of measuring paddy environments parameters in real-time. 
Table | summarizes the existing worldwide IoT-based system in agriculture sectors. 

The use of an Internet of Things-based electronic system in agriculture especially in paddy 
monitoring has been extensively studied and developed since 2008 to date. The proposed system continues 
others work as reported in literature. New features or contribution of this work is that, the system is 
integrated with advisory system Using Dash7 Wireless Network Protocol [9-12]. Figure 1 shows the growing 
stage of typical paddy tree and their greenness. Most of the developed IoT-based system in literature monitor 
paddy development within the three stages; 1.e.: the vegetative, reproductive and ripening stages. 
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Table 1. loT Applications in Agriculture 


IoT applications in Agriculture Description 
Phase: Pre-harvesting and monitoring 
E-KAKASHI (Japan) Technology: Sensor gadgets, cloud database system 
2011 [4] Area: Farming productivity improvement and reduction of vermin damage 


Phase: Pre-harvesting 


AGRO-SENSE (India) Technology: Wireless sensor network, LR-WPAN technology 


2008 [5] 


Area: Control decision making 


Precision agriculture irrigation system Phase: Post-harvesting (irrigation) 


(China) 2012 [6] 


Technology: WSN, Fine Valve tube switches and irrigation pipes, GPRS. 
Area: Reduction in water consumption for irrigation. 


Agriculture Machinery Intelligent Phase: Post-harvesting 
Scheduling in cross-regional work Technology: Cloud computing, GPS. 


(China)2010 [7] 


Area: Agri resource management 


Automated crop-disease Advisory Phase: Pre-harvesting 
Technology: wisekar, an internet of things repository system, image processing. 
Area: crop-disease advisory system 


Service (India) 
2016 [8] 
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Figure 1. Growing stage of a typical paddy tree and their associated greenness [13] 


2. RESEARCH METHOD 

The e-PADI system comprises of sensor nodes, which can be deployed in the paddy field, 
whereas the measured data in the paddy field can be monitored and analyzed remotely from user application 
software in the smartphone. The wireless system is established by the e-PADI system gateway as shown in 
Figure 2. The system continuously monitors the status of the paddy development. It aims to increase paddy 
productivity by means of continuous monitoring paddy development from the seedling stage until the paddy 
ripening stage using IoT-based electronic system/kit. Advisory report will also be generated during the 


monitoring period, 


whenever required. The developed system can also be used to measure water level/soil 


acidity during pre or post-harvesting period. 
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Figure 2. The e-PADI system 
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The overall system illustration in Figure 2 shows the e-PADI consists of two transmitters and one 
receiver, each transmitter is connected with different types of sensors and receiver. All sensor nodes are 
connected via a wireless sensor network gateway. A star wireless network is used as the main network 
topology, thus enabling many transmitters from various sensor nodes transmitting information to the receiver. 
Details of each element in the system will be discussed in the following sections. 


2.1. The Sensor Nodes 

Sensor nodes help the system to measure environment parameters such as temperature, soil PH, 
water levels in the paddy fields and many more. Each node has a microcontroller unit. The microcontroller 
collects measured data from the sensor nodes and passes it to the transmitter. Details of each sensor node and 
its description 1s summarized in Table 2. 


Table 2. The e-PADI Sensor Nodes and Descriptions 


Sensor Descriptions 

Si7021 An industrial grade temperature and humidity sensor with higher rate accuracy as compared to the DHT11 

[14] temperature sensor. The internal circuit consist of monolithic CMOS IC integrated, analog to digital converter, 
signal processing, calibration data, and using 12c interface. 

PH [15] PH Sensor determines the level of acidity or alkalinity of the water. The sensor will give the output in analog value 


and the Atmega328p will read the analog value and by using the averaging method to smooth out the PH value. 
According to MADA, the PH level in water must be around 5.5 to 6.5 that is ideal PH level for paddy planting. 
DSB18B20 DSB18B20 temperature sensor use one wire communication to communicate with microcontroller and each 


[16] DSB18B20 has their specific address to communicate with microcontroller. Temperature of water will affect the 
chemical and biological characteristic of the paddy plantation. It mainly affect the level of dissolved oxygen in the 
paddy field. 

BH1750 Light Intensity Sensor 

[17] BH1750 light intensity sensor that measure the level of light reflection in certain area. The sensor use I2C bus to 


communicate with microcontroller, perfect to measure the level of sunlight in paddy field whether it is sunny or 
cloudy. The light intensity sensor will determine how change of UV level from sunlight will affect the paddy 
productivity. This sensor data will be used as analysis part. 
HCSRO04 Ultrasonic Sensor as Water Level Sensor 
[18] The common ultrasonic has one transmitter that called trigger and receiver one that called echo. It will measure the 
water level at the irrigation inlet of the paddy field. This water level part is important when it comes to paddy 
scheduling like planting and harvesting phase, the water level needs to be different for each phase. 


2.2. The Gateway 

The gateway comprises of the HC12 RF Module. This RF module operates at 433 MHz and this 
module is crucial as to enable wireless communication between sensor nodes to the receiver. This RF module 
consist of two transmitter and one receiver and each of them communicate via dash7 network protocol. 
The communication protocol is similar to the well-known ZigBee protocol, however with added advantage of 
lower cost and better communication (simultaneous communication between transmitter and receiver) as 
compared to ZigBee. The channel and address of the transmitter and receiver must be identical. The star 
network topology can be easily established by changing the channel of the system. 


2.3. Sensor Node 1 

Sensor Node | consists of PH sensor, temperature and humidity sensor and luminosity sensor. 
Each of the sensor value returned in value of a float. Using the state machine procedure as illustrated in 
Figure 3(a), each of the sensors is read state by state until the last sensor. 

Then, each of the sensor value is converted into string for ease of string processing at the receiver. 
Eventually, all the sensor value is combined in a string form and the data is sent to the receiver. Each of the 
sensor data is collected and converted into string format because most of the data processing during 
transmitting and receiving of the RF is using string function. Finally, all the sensor 1s combine/append and 
transmit to the receiver every one second. Figure 3(b) shows the sensor node with transmitter |. It measures 
PH, temperature, humidity and light intensity. The Si7021 temperature and humidity sensor is industrial 
grade with high precision that can sense temperature and humidity surrounding at paddy field. PH sensor will 
sense the PH level at the paddy crop and luminosity sensor will sense the level of sunlight for further 
analysis. 
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Figure 3. Sensor node 1: (a) data collection and transmission state (b) physical view 


2.4. Sensor Node 2 

This sensor node consists of rain, DS18B20 water temperature and ultrasonic level sensors. The rain 
sensor detects the presence of rain to determine the relationship between occurrences of rain. The DS18B20 
temperature sensor senses the temperature of water in the water inlet in the paddy field. The ultrasonic sensor 
detects the water level by measuring water displacements in the paddy field using ultrasonic-based level 
measurement. Details flow of the sensor node 2 data collection and transmission flow and the sensor node 
physical view is shown in Figure 4(a) and Figure 4(b) respectively. 
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Figure 4. Sensor node 2: (a) data collection and transmission state (b) physical view 


2.5. Receiver 

The receiver is equipped with a 20x4 character Liquid Crystal Display (LCD). This panel shows the 
status of the gateway connection. It is also responsible to display the overall communication and data transfer 
status. This includes the receiver connection status to the Wi-Fi, data retrieval from the sensor nodes, 
and data upload to the cloud database. 

Figure 5(a) shows the LCD display embedded in the e-PADI gateway system. The gateway has a 
receiver antenna that receives from the sensor nodes. Figure 5(b) shows the simplified diagram of the 
receiver/transmission flow of the gateway system. The selection of either data from node | or node 2 is 
multiplexed by using time division multiplexing method. Once the system received data from the sensor 
nodes (whereby the data collection protocol/procedure has been discussed in previous sections), the gateway 
transmits the data to the cloud database. 
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Figure 5. The e-PADI gateway system: (a) Physical View (b) data receiver/transmission flow 


3. RESULT AND DISCUSSION 

Some experiments have been carried out to the system to verify and validate the overall e-PADI 
system and operation. The system comprises of three main elements; 1.e. the sensor nodes, the gateway and 
the user application. The following sections explain the experimental results in details. 


3.1. The Sensor Nodes and User Application 

Figure 6 shows data measured from a paddy field. Figure 6(a)-(c) show the user application viewed 
from a smartphone to access data from sensor node 1. On the other hand, Figure 6(d) shows data from sensor 
node 2. 
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Figure 6. View from smartphone (a) PH and Water level from sensor node 2. (b) advisory report 
(c) Graph of PH levels (d) Temperature, humidity and light measured from sensor node 2 


The developed application software is smartphone compatible (for android users). The PH sensor 
graph is shown in Figure 6(c). It shows the soil acidity levels via graph representation continuously. 


3.2. The Gateway Unit 

Figure 7 shows the gateway unit. It displays the system status i.e. currently (see Figure 7(a)) it 
successfully received data from both sensor nodes 1 and 2. The gateway system able to scan for various 
channels to receive data from different sensor nodes; i.e. either node | or node 2. Figure 7(a)-(c) show the 
progress of the gateway unit until it successfully uploaded sensor nodes data to a database and spreadsheet. 
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Once all sensor data has been recorded in the Google spreadsheet, the graph of sensor data can be generated 
and viewed from the developed user dashboard (can be installed in any device with android-based operating 
system). 





(a) (b) (c) 


Figure 7. The gateway unit: (a) Receiving status of both sensor nodes and successfully upload the 
data to the cloud database. (b) Sending to a database (c) Sending to a spreadsheet 


3.3. Continuous Analysis Mode 
Figure 8 shows results of the soil acidity, humidity and temperature measurement in a paddy field 
recorded from sensor node 1. 
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Figure 8. Continous measurement; (a) soil acidity, (b) paddy field humidity and temperature. 


From the graph in Figure 8, it is noted that the average of overall PH value 1s 7.24 with minimum 
PH value of 6.98 and maximum PH of 7.9. Based on the e-PADI generated advisory report, PH > 5.5 is 
acceptable and no further action required by the farmer. Similarly for the case of the temperature and 
humidity of the paddy field. It 1s acceptable and no advisory report generated by the user application 
software, however continuous monitoring is still required for better paddy productivity. 


4. CONCLUSION 

An IoT-based paddy monitoring and advisory system named as e-PADI was successfully developed 
and tested. The system comprised of three main elements; 1.e. the sensor nodes, the gateway and the user 
application software. Unlike other reported JoT-based agriculture work as reported in_ literature, 
the developed prototyped offered continuous paddy field environment monitoring with notification and 
advisory reports. Experimental results had shown that the developed prototyped successfully work and able 
to continuously monitor paddy development using microcontrollers and sensor nodes with IoT enabled 
platform. Future works include implementing more sensor nodes and to investigate optimum number of 
sensor nodes/size of paddy field. 
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